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Scram  induced  convulsions  have  been  shown  to  increase  the  incidence  of  brain 
lesions  in  nonhuman  privates  (Wall  g£  ai.,  1987)  and,  therefore,  may  very 
likely  cause  permanent  brain  damage  in  man.  The  U.S.  Army  desires  to  prevent 
these  convulsions,  thereby  increasing  the  soldier's  chance  of  survival  during 
a  chemical  warfare  attack  as  well  as  the  quality  of  life  afterwards. 

Currently  diazepam  is  being  investigated  as  an  anticonvulsant  treatment, 
ccrcaaitantly  administered  with  atropine  and  2-pralidoxiae  chloride  for 
orqanqphcsphate  poisoned  soldiers. 

The  minimum  effective  intramuscular  dose  of  diazepam,  100  uq/kg,  was 
determined  in  nonhuman  primates  pretreated  with  pyridostigmine,  poisoned  with 
sanan  and  treated  with  atropine,  2-pralidcxime  and  diazepam  (Hayward,  1988) . 
Because  efficacy  studies  are  not  performed  in  man,  the  minimum  effective  dcse 
for  man  will  be  extrapolated  from  primate  studies. 

Extrapolation  to  obtain  the  same  tlrerapeutic  response  is  most  accurately 
achieved  by  equating  drug  concentration  at  the  active  site.  The 
antioonvulsant  effect  of  diazepam  is  centrally  mediated,  and  therefore, 
measurement  of  diazepam  ccncentraticns  at  the  receptor  site  (in  the  brain)  is 
not  feasible.  However,  diazepam  concentrations  in  the  cerebral  spinal  fluid 
(CSF)  are  expected  to  relate  to  its  concentration  at  the  active  receptor  and 
therefore  also  relate  to  the  therapeutic  response.  Unfortui lately,  CSF  is 
difficult  to  obtain,  especially  when  serially  sampling  for  pharmacokinetic 
studies. 

Several  studies  have  found  that  the  total  concentration  of  diazepam  in  the  CSF 
correlates  highly  with  unbound  diazepam  concentrations  in  plasma  (Greenblatt 
e£  al.,  1980;  Arendt  1983;  Kanto  g£  ai.,  1975).  Plasma  samples  can  be 

easily  obtained  and  total  diazepam  concentration  (plasma  bound  and  free)  can 
be  easily  analyzed.  Because  very  little  diazepam  is  not  bound  to  plasma 
protein  (1.3%  for  young  males;  Greenblatt  g£  ai. ,  1980a),  measurement  of  free 
concentrations  requires  a  very  sensitive  method,  especially  at  the  early  and 
late  phases  of  a  free  concentration-time  profile.  Protein  binding  is  not 
concentration  dependent  (Moshitto  and  Greenblatt,  1983) ,  and  therefore 
disposition  of  total  drug  should  parallel  free.  The  percentage  of  diazepam 
free  could  be  determined  at  a  high  concentration,  and  that  percentage  should 
remain  constant  throughout  the  study.  The  free  cxraxntraticsv-time  profile 
could  therefore  be  determined  from  total  concentrations. 

The  extrapolation  of  the  diazepam  dose  from  monkey  to  man  requires  defining 
diazepam  pharmacokinetic  parameters  and  percent  of  diazepam  free  in  plasma  far 
both  man  monkey,  lharmaookinetic  parameters  have  been  reported  in  the 
literature  far  maul  (Table  I)  but  not  for  monkey. 

This  study  determines  the  peak  serum  concentration  of  diazepam  achieved  in  the 
nonhuman  primate  when  given  the  minimum  effective  intramuscular  dose  far 
oontrolling  soman- induced  seizures.  Also  this  study  determines  the  percent  cf 
diazepam  not  bound  to  plasma  protein  in  the  monkey.  This  information  in 
conjunction  with  the  human  literature  is  used  to  extrapolate  the  required 
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human  intramuscular  dose  necessary  to  achieve  ccnparable  free  diazepam  levels 
in  serum  of  man. 


MATERIALS  AND  MEBEOS 


A.  Sqperimental  Design 


Six  mala  rhesus  primates  were  issued  frcm  the  USAMRICD  ncnhuraan  primate  colony 
IAH  SG3D- UV-VM  Memorandum  40  15  "Macaque  Husbandry  and  Quarantine 
Procedures,1'  July  1SS5. 

The  study  was  conducted  in  roan  237,  building  3031.  All  personnel  handling 
the  nonhuman  primates  or  working  within  the  roan  woze  a  surgical  mask,  a  lab 
coat,  and  latex  protective  gloves. 

Each  animal  was  placed  in  a  plexiglass  restraint  chair  for  training  in  order 
to  acclimate  the  animal  to  the  apparatus.  Four  training  sessions  (1-3  hours 
each)  were  conducted  for  every  animal  prior  to  the  day  of  the  experiment. 
Curing  the  training  sessions  the  nonhuman  primates  were  offered  fruit  as  a 
positive  reinforcement.  Training  was  under  supervision  of  MAJ  Kevin 
Corcoran,  the  yeterinarian  in  Charge  of  the  ncrhuman  primate  colony. 

i*! 

Animals  were  fasted  overnight  prior  to  the  day  of  experimentation.  Two 
different  animals  were  dosed  each  day  for  three  consecutive  days.  Prior  to 
the  day  of  dosing,  the  monkey's  legs  were  clipped  frcm  the  pelvis  to  the 
tarsus.  Animals  were  placed  in  plexiglass  restraint  chairs  for  blood  sampling 
and  remained  in  the  restraint  chairs  for  no  more  than  six  hours. 

A  20  gauge  2  inch  percutaneous  teflon  catheter1  was  introduced  into  a 
saphenous  vein  and  flushed  with  0.9%  saline.2  Blood  samples  were  taken 
through  a  four-way  stopcock3  connected  to  the  catheter  by  an  eight  inch 
plastic  tubing  extension.  The  extension  was  fabricated  frcm  eight  inches  of 
the  male  end  of  a  30  inch  extension  set4  connected  to  a  female  size  1) 
stainless  steel  plastic  tubing  adapter.5  The  total  volume  of  the  catheter 
plus  the  extension  was  1.4  ml.  Between  blood  samples  the  catheter  and 
extension  were  continuously  flushed  with  0.9*  normal  saline  at  a  rate  of  3 
ml/hr  via  a  continuous  flush  device.6  Saline  was  delivered  under  300  mg  Hg 


1AngiocathR  No.  2818,  The  Deseret  CCnpany,  Sandy,  UT  84070 

2Sodium  Chloride  injection  USP,  Travenol  laboratories,  Inc. ,  Deerfield,  IL 

60015 


3EharmasealR  No.  K72,  Eharmaseal  Inc.,  Toa  Alta,  HR  00758 

4No.  4610,  Abbott  Hospitals,  Inc.,  North  Chicago,  IL  60064 

5No.  7543,  Bectcn,  Dickinson  and  Cccpany,  Parsippany,  NJ  07054 

6INIPAFLC«R  II  No.  42002-01,  Sorenson  Research,  Salt  Lake  City,  UT  84123 
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pressure  to  the  flush  device  via  a  pediatric  intravenous  injection  set7 
attached  to  a  pressure  bag.8 

Diazepam  (100  ug/kg)  was  administered  to  each  ncnhuoan  primate  in  the  large 
muscle  Bass  at  the  rear  of  the  hind  limb  (opposite  the  leg  catheterized) 
between  the  hip  and  knee.  The  dcsing  solution  (5  mg/ml)  was  delivered  via  a 
250  ul  Hamilton  syringe  (#725)  and  a  23  gauge  1.25-inch  needle.  The  injection 
was  given  as  a  bolus  dose  deep  into  the  muscle.  The  plunger  of  the  syringe 
was  withdrawn  slightly  before  expulsion  of  the  dose  to  insure  that  the  needle 
was  in  the  muscle  and  not  a  blood  vessel.  If  no  blood  came  back  into  the 
syringe,  the  needle  was  assumed  to  be  in  the  muscle. 

Sampling  times  had  been  chosen  frcn  a  pilot  study  (Lukey,  1988)  to  determine 
the  maximum  diazepam  serum  concentration.  These  sampling  times  were  prior  to 
and  5,  10,  15,  25,  40,  60,  90,  120,  180  and  240  minutes  after  injection. 

Before  removing  each  blocd  sample,  a  2  ml  presample  was  taken  to  remove  saline 
from  the  catheter.  Blood  volume  for  each  sample  was  3  ml.  Following  each 
collection,  5  ml  of  0.9%  normal  saline  was  injected  through  the  catheter  to 
replace  the  fluid  volume  removed.  Between  samples  the  catheter  was  attached 
to  the  continuous  flush  system.  For  each  blood  sample,  the  animal  lost 
approximately  3.5  ml  of  blood.  A  maximum  of  eleven  blood  samples  were  taken 
fran  each  monkey,  resulting  in  a  total  blood  loss  of  approximately  38.5  ml. 

Microhematocrit  and  plasma  total  protein  determinations  were  performed  or.  the 
0-,  40-,  90-  and  240-minute  blood  camples  to  assure  anemia  had  not  developed. 
Two  disposable  heparinized  soda  lime  glass  microhematocrit  capillary  tubes9 
were  filled  with  blood  and  one  end  of  each  tube  was  plugged  with  clay.  The 
capillary  tubes  were  centrifuged  at  10,000  rpm  for  five  minutes.10  The 
hemctocrit  was  determined  using  a  microcapillary  reader. 11  The  capillary 
tubes  were  then  scribed  and  broken  to  load  the  plasma  into  a  rafractameter12 
to  determine  the  plasma  total  protein.  The  hematocrit  and  plasma  protein 
determinations  from  both  capillary  tubes  taken  at  each  time  point  were 
averaged. 

Two  additional  microhamatocrit  and  plasma  total  protein  determinations  were 
performed  at  24  hours  and  seven  days  following  diazepam  injection  via 
venipuncture  in  order  to  document  further  changes  in  these  parameters. 


7F1U  No.  0161-A,  VOttJSA,  LTD. ,  New  York,  NY  10017 

8 Sorensen  Research  Corp. ,  Salt  Lake  City,  OT  84123 

%o.  73810,  Kimble  Corp. ,  Toledo,  CH  43666 

10Modal  MB,  Damon/IEC,  Needham,  MA  02194 

11NO.  2201,  International  Equipment  Co.,  Boctcn,  MA 
^Model  10406,  American  Optical  Corp.,  Buffalo,  NY  14125 
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31ocd  samples  were  drawn  into  s’  rila  disposable  5  ml  plastic  syringes  and 
then  placed  into  new  generic  glass  disposable  test  tubes  (10  an  x  75  an) 
devoid  of  anticoagulant  and  seal  -  parafilm.  Samples  were  placed  cn  ice 
until  coll  act  icn  was  ccnpletad  and  chon  refrigerated  overnight  to  allcw  the 
clot  to  form.  The  following  day  the  serum  was  transferred  via  pasteur  pipette 
irreo  new  generic  plastic  disposable  test  tubes  (10  on  x  75  on)  and  centrifuged 
at  2500  rpm  for  10  minutes.  Serum  was  again  transferred  via  pastier  pipette 
into  new  generic  plastic  serswtep  tubas  (10  ’an  x  75  on)  and  frozen  at  -70°C. 
After  the  firal  sample  was  obtained,  the  catheter  was  removed  and  the  animal 
returned  to  the  care  of  the  Veterinary  Medicine  aixi  Surgery  3rtnch.  At  the 
and  of  the  '*«eek,  samples  were  packaged  in  dr/  ice  and  sent  by  overnight 
delivery  to  David  J.  Greenblatt,  M.D.,  Beam  602,  M-V  Building,  Tufts 
University  School  of  Medicine,  12 S  Ha.rrison  Avenue,  Boston,  Massachusetts, 
02111.  Procedures  for  handling  samples  for  diazepam  analysis  are  found  in 
Appendix  A. 

Serum  samples  were  analyzed  using  electron-capture  gas  chranatography 
(Contract  purchase  #  CAAL05-88-M-N384;  Greenblatt  ai. ,  lSdOb) .  The 
internal  standard  for  this  assay  was  an  iodinotad  benzodiazepine  analogue 
(fo7-9749) .  Serum  samples  were  extracted  with  benzene  (cxxrtainirxg  1.5% 
iocanyl  alcohol) .  The  organic  phase  was  evaporated  to  dryness  and  the  sample 
reconstituted  with  toluene  (containing  15%  iscmr/1  alcohol). 

The  chromatograph  was  equipped  with  4  ft  x  2  am  glass  column  containing  3%  SP- 
2250  an  80/100  Surelcoport  and  operated  at  25ocC.  The  carrier  gas  was 
argon:methane  (95:5)  with  a  flow  rate  of  25  ml/min. 

Accuracy  and  precision  of  analytical  results  were  defined  prior  to  the 
pharmacokinetic  study  as  follows.  Blank  monkey  serum  was  spiked  with  known 
amounts  of  the  diazepam  solution  (5  ug/ml)  by  serial  dilution  to  achieve  the 
following  concentrations:  0,  6.25,  12.5,  23,  50,  100  and  200  ugynl  serum. 

Each  concentration  was  divided  into  three  1.0  ml  ali  muots.  All  test  tubes 
were  coded  with  random  nuncers,  frozen  at  -70°C  and  transported  to  Dr. 
Greenblatt  the  same  day.  Precision  was  expressed  as  the  coefficient  of 
variation  of  the  three  samples  for  each  concentration.  Accuracy  was  the 
deviation  of  reported  concentrations  from  expected. 

For  additicml  assurance  of  analytical  accuracy  and  precision,  six  samples  for 
each  of  two  concentrations  (50  .and  100  ngtal)  ware  coded  with  random  numbers 
and  sent  with  samples  obtained  from  the  pharmacoki.stic  study  in  the  rhesus 
monkey.  Accuracy  and  precision  of  these  controls  were  determined  as  above. 

Protein  binding  of  diazepam  in  serum  was  determined  by  equilibrium  dialysis 
according  to  the  method  of  Woo  and  Greenblatt  (1979) . 

B.  Data  analysis 

Plarcsn  ocnorNmracicn-time  data  for  each  animal  were  fit  to  standard 
pharmacokinetic  models  using  the  PQENUN  computer  program  (Statistical 
Consultants  Inc. ,  1986) .  Initial  estimates  for  each  nenhuman  primate  were 
determined  from  the  ccnpucer  program  JANA  (Statistical  Consultants,  Lexington, 
Xf) .  Data  for  model  fitting  were  iteratively  reweighted  by  the  squared 


reciprocal  of  the  predicted  ocrpentraticn.  Determination  of  the  appropriate 
modal  was  based  upon  a  minimal  sum  of  squared  residuals,  large  correlation 
coefficient,  small  standard  deviations  of  parameter  estimates  and  unbiased 
distribution  patterns  of  residuals  of  estimates  nf  observed  versus  predicted 
values. 


maximum  serum/plasma  diazepam  concentraticrs  were  obtained  from  the  literature 
for  adult,  nerpregnant  humans  irrcraiiioscularly  administered  diazepam  (Valium^) . 
''sighted  i inear  regression  analysis  was  employed  to  define  the  best  fit  line 
for  maximum  concentration  as  a  function  of  the  diazeoam  dose.  Weight  was 
based  upon  the  sample  size  except  for  the  0,0  point,  vhich  received  a  weight 
of  1000  to  force  the  line  through  the  origin. 
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Reported  ocnoei.trations  of  quality  control  samples  for  defining  the  accuracy 
and  precision  of  the  analytical  technique  prior  to  the  pharmacokinetic  study 
are  recorded  in  Appendix  3.  A  contaminant  was  found  in  the  monhay  plasma 
which  partially  coeluted  with  diazepam.  The  contaminant  caused  blank  samples 
to  be  reported  with  an  average  eaxoantratien  of  20.7  ra/mtl.  Assuming  equal 
interferences  in  all  samples,  the  reported  concentration  for  the  blank  (20.7 
nq/ral)  was  subtracted  from  reported  concentrations  of  other  samples. 
Coefficients  of  variations  for  the  corrected  concentrations  ranged  from  2  to 
20%  and  averaged  10%.  Accuracy  reported  as  %  bias  ranged  from  -15%  to  8%  cud 
averaged  -4%. 

Quality  control  samples  analyzed  during  the  pharmacokinetic  portion  of  this 
study  did  not  have  a  oarrtarainant  interfering  with  diazepam  quantification. 

The  concentrations  are  listed  in  Table  II.  Coefficients  of  variation  for  50 
and  100  ng/ml  were  8%  and  5%  respectively.  Bias  for  50  and  100  ng/ml  were  5% 
and  2%  respectively. 

The  hematocrit  and  total  plasma  protein  were  observed  in  the  animals  for  24 
hours  after  diazepam  dosing.  The  average  hematocrit  slightly  decreased  from 
42%  at  time  0  to  35%  at  time  2*  hrs  (Table  IIT) .  Plasma  protein  content 
decreased  fran  7.6  g/dl  at  time  0  to  6.5  g/dl  at  4  hrs  but  returned  to  normal 
at  24  hrs  (Table  IV) .  No  overt  signs  or  symptoms  of  anemia  were  notxd. 

Animal  activity  after  diazepam  dosing  appeared  no  different  than  during  the 
last  phases  of  chair  restraint  training.  No  animals  slept  or  even  appeared 
drowsy  after  dosing. 

Diazepam  and  metabolite  (desmethyldiazepam)  serum  oorpentratiens  are  tabulated 
for  all  animals  with  respect  to  time  (Table  V)  Diazepam  cxaxentraticn-time 
data  for  each  animal  fit  a  one-ccrpartment,  open  model  with  first  order 
absorption  and  elimination  (Appendix  C) .  Lesuethyidiazepam  did  not  fit  the 
modal  well  because  the  elimination  phase  was  not  observed.  Nevertheless,  the 
model  was  employed  to  get  a  rough  estimate  of  metabolite  appearance  (Appendix 
D). 

Pharmacokinetic  estimates  for  each  animal  are  reported  in  Appendix  E  and  the 
average  extimates  are  listed  in  Table  VI.  Frau  the  averages  of  the 
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pharmacokinetic  estimates,  diazepam  and  desnethyldiazepam  serum  ccrcsntraticn- 
tima  profiles  were  obtained.  In  order  to  represent  raw  data  cn  Figure  1, 
concxrrtraticrs  among  animals  were  averaged  with  respect  to  time  (Table  VII) , 
and  the  resulting  means  and  S.E.M.  were  displayed.  Fran  the  diazepam  best  fit 
lira,  the  maximum  diazeram  serum  concentration  averaged  50  ng/ml  at  59  minutes 
(Table  VI) . 

The  percentage  of  diazepam  unbound  to  serum  protein  averaged  4.6  ±  0.7%  (Table 
VIII) .  Ihorefore,  the  maximum  serum  cxncentraticn  of  unbound  diazepam  is  2.3 
ng/ml. 


DIDCCESTrH 

The  first  set  of  quality  corrrol  samples  were  used  to  assure  that  Dr. 
Grrenfclatt's  larcratcry  could  accurately  report  diazepam  concentrations  within 
the  desired  range  before  the  pharmacokinetic  study  ’would  begin.  Because  he 
was  blind  to  the  expected  concentrations,  Dr.  Greerblatt  did  not  know  which 
sarples  were  blanks.  However,  he  noted  a  contaminant  partially  coeluted  with 
diazepam  and  informed  us  that  the  reported  concentration  would  be  consistently 
higher  than  expected.  The  blank  sarples  revealed  that  the  contaminant 
artificially  increased  the  reported  diazepam  concentration  by  21  ng/ml.  When 
the  value  was  subtracted  from  reported  concentrations,  the  results  were  very 
close  to  expected.  We  therefore  chose  tiiis  contractor  since  his  was  the  only 
available  laboratory  that  oould  accurately  measure  diazepam  concentrations 
within  our  desired  concentration  range  and  our  time  limitations. 

CAiality  control  saipj.es  were  also  sent  with  the  pharmacokinetic  sarples  to 
assure  accurate  and  precise  determination  of  diazepam  concentration  during  the 
study.  Fortunately,  no  oantaminant  appeared  in  any  animal's  serum  and 
therefore  no  adjustments  needed  to  be  made.  Also  Dr.  Greenblatt's  analysis 
provided  quantification  of  the  dosnethyl  diazepam  metabolite  with  no 
additional  cost. 

Diazepam  serum  cancentraticn-time  profile  of  each  animal  fit  the  one 
ccrrpartment  open  model  well.  Human  data  obtained  frog,  intravenous 
administration  of  diazepam  indicate  the  cxncentraticn-time  curve  is  best 
described  by  a  two-^xrpartraent  model  with  distribution  and  elimination  half 
lives  apprco<±mating  1  and  32  hvs  respectively  (Klctz  g£  al.,  1980) .  Since  our 
study  was  not  conducted  past  4  hrs,  the  elimination  phase  may  appear  to  have 
been  not  detectable,  and  therefore,  the  apparent  decrease  in  diazepam 
concentration  would  primarily  have  been  due  to  the  distribution  of  the 
ocnpound.  However,  analysis  of  the  diazqpam  metabolite  fate  indicates 
otherwise. 

Although  the  study  was  not  designed  to  define  the  pharmacokinetic  profile  of 
the  desmethyl  diazepam,  ertimates  were  made.  The  elimination  phase  was  not 
clearly  apparent  fran  the  concentration-time  profile,  and  therefore  estimates 
of  this  phase  are  weak.  However  the  formation  phase  was  adequately  defined  by 
fitting  data  to  a  cne-occpartment  open  model  with  first  order  absorption, 
first  order  elimination  and  a  lag  time.  The  diazepam  metabolite  formation 
parallels  diazepam  disappearance  and  metabolite  concentrations  approach  those 
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of  diazepam,  indicating  that  the  major  route  of  diazepam  elimination  was  its 
metabolism  to  dasamethy ldiazepara .  Ihe  data  indicate  that  our  diazepam  model 
truly  define*  diazepam  elimination,  rather  than  distribution  expected  from 
human  studies  (Klcrtz  st  Ol- ,  1930). 

Frrm  the  diazepam  modal,  an  average  estimate  of  the  maxi.mtjm  diazepam 
ccncontraticn  was  50  nq/ml  at  29  min  from  a  0.1  mg/lcg  intramuscular  dose.  The 
max  imam  diazepam  serum  concentration  in  the  pilot  study  (LuXey,  1983)  was  128 
nq/ml  far  a  single  rhesus  macaque  intramuscularly  administered  0.2  mq/kg. 
then  the  maxima  serum  concentration  versus  dose  for  the  pilot  study  and 
protocol  were  graphed,  a  least  squares  regression  line  far  the  two  points  and 
the  origin  resulted  in  a  correlation  coefficient  (r)  of  0.992.  Because  the 
study  was  not  designed  to  define  that  relationehip,  the  excellent  correlation 
must  not  be  weighted  too  heavily.  Linearity  suggests  the  phanimccJdnetics 
behave  linearly  in  the  dose  range  studied  and  indicates  reproducibility  in  the 
study. 


The  maximum  serum  concentration  of  unbound  diazepam  was  estimated  as  2 . 3 
nq/ml.  Me  estimated  from  the  literature  man' 3  intramuscular  diazepam  dose 
that  produces  the  same  maximum  serum  concentration  of  free  diazepam  found  in 
monkeys  receiving  0.1  mg/kg  (2.3  nq/ml) .  Numerous  studies  have  investigated 
the  clinical  pharmacokinetics  of  diazepam  in  man,  but  few  have  studied  the 
pharmacokinetics  by  the  intramuscular  route  of  adninistraticn .  No  single 
study  reported  the  relationship  between  maximum  diazepam  concentrations  in 
serum  and  intramuscularly  administered  doses.  Several  studies  that  meet  the 
criteria  (adult,  nonpregnant  humans  receiving  i.a.  diazepam)  vere  pooled  to 
define  this  relationship.  These  experiments  were  conducted  in  different 
laboratories  using  different  analytical  techniques  and  at  different  times. 
Injection  sites  were  not  standardized.  Needle  lengths  were  not  always 
reported  and  those  that  were  reported  varied.  Sane  studies  involved  men,  same 
involved  women  and  others  did  not  specify.  The  runerous  variables  complicate 
pooling  of  the  literature  studies. 

Bearing  in  mind  the  ocrplications,  we  found  the  maximum  serum  concentrations 
for  man  linearly  related  to  the  diazepam  i.m.  dose  (C^v  (nq/ml)  » 
14.3*dose(mg) ) .  A  graphic  representation  of  the  relationship  is  depicted  in 
Figure  2,  and  specifics  of  the  data  are  reported  in  Table  I.  The  relationship 
is  for  total  diazepam  concentration  (bound  and  free) .  Since  1.3%  of  diazepam 
is  unbound  in  serum  (Greenblatt  al. ,  1980a) ,  the  desired  2.3  nq/ml  free 
concentration  carrespcnds  to  a  total  concentration  of  177  nq/ml.  Fran  the 
above  relationship  (Figure  2) ,  the  estimated  hunan  i.m.  dose  expected  to 
produce  a  177  nq/ml  maximum  concentration  is  12.4  mg.  Figure  3  displays  the 
extreme  upper  and  lower  doses  which  produce  the  C^v  from  the  two  regression 
lines  that  beginning  at  the  origin  and  a  ex  r pass  ail  data.  The  resulting 
'doses  are  7.1  and  20  mg  diazepam. 

Only  one  study  that  intramuscularly  administered  diazepam  to  humans  defined 
the  pharmacokinetics  adequately  for  graphic  caparison  of  the  concentration- 
time  profiles  with  those  of  monkeys  (WichlinsJd  si. ,  1985) .  The  study 
administered  10  mg  to  12  subjects  and  determined  tbr  best  fit  curve  far  the 
average  concentration-time  profile.  For  comparison  with  our  data,  the  curve 
needed  to  be  modified.  By  using  the  reported  average  weight  of  75  kg  and 
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assuming  pharmacokinetic  linearity,  the  best  fit  curve  was  extrapolated  fran 
human  study  to  represent  a  ccrxxntraticn-tine  profile  for  a  0.1  mg/kg  dose. 
In  Figure  4,  the  much  more  elimination  of  diazepam  in  the  monkey  is  apparent. 


anausicH 

The  maximum  serum  concentration  of  diazepam  for  monkeys  intramuscul arly 
administered  100  ug  diazepany'kg  was  50  nq/ml.  The  percentage  of  diazepam 
unbound  in  serum  was  4.6%.  Therefore  the  maxi  nun  concentration  of  unbound 
diazepam  was  2.3  nq/ml.  Because  1.3%  of  diazepam  is  free  in  human  plasna,  the 
same  free  concentration  in  man  (2.3  nq/ml)  requires  177  nq/ml  total  (free  and 
bound)  plasma  concentration.  The  intramuscular  dose  estimate  from  the 
literature  to  produce  177  nq/ml  in  man  is  12.4  mg  diazepam.  Due  to 
variability  in  the  literature,  the  intramscular  dose  far  man  could  range  from 
7.1  to  19.7  mg. 

Assuming  that  man  and  monkey  respond  equally  to  the  same  maximum  serum 
concentration  of  unbound  diazepam,  this  human  dose  is  the  predicted  minimal 
effective  dose  to  inhibit  saran- induced  convulsion  with  the  current 
pretreatment/ treatment  therapy.  The  dose,  based  upon  numerous  uncontrolled 
variables  from  the  human  literature  and  this  limited  pharmacokinetic  study  in 
the  rhesus  macaque,  is  a  rough  estimate  that  approximates  man's  minimal  dose. 


Concentration  —  Time  Profile  of  Diazepam 
Intramuscularly  Administered  to  Rhesus  Macaques 


(W3S+)  (|uV6u)  uoqtxquaouoQ 
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Maximum  Diazepam  Concentration  in  Serum/Plosma 


oi 


(iui/6u)  NOIlVdlN30N00  WflWIXVW 


Maximum  Diazepam  Concentration  in  Serum/Plasma 
as  a  function  of  intramuscularly  administered  dose 


(|uj/6u)  N0llVdlN30N00  HfWIXVW 
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TABLE  I.  Literature  review  of  studies  intramuscularly  dosing  diazepam 
(Valium1*)  to  adult,  ncnpregnant  humans  and  observing  maximum  serurty'plasma 
ccrcsntra ticns . 


Code 
*J.g  1 

Dcse 

(mg) 

Sample 

size 

M 

F 

Site 

rn 

(min) 

^nax 

(ng/ml) 

Reference 

1 

5 

10 

5 

5 

7 

120 

55 

Karto,  1974 

2a 

5 

5 

5 

0 

deltoid 

33 

125 

Divoll  et  al. ,  1983 

2b 

5 

5 

0 

5 

deltoid 

360 

95 

Divoll  e£  alt,  1983 

3 

10 

4 

7 

7 

7 

<10 

253 

Baird  al. .  1973 

4 

10 

12 

11 

1 

7 

90 

170 

Wichlinski  al. .  1985 

5 

10 

9* 

6 

3 

7 

128 

90 

Thom-Aquist  al, .  1977 

6a 

10 

33 

0 

33 

thigh 

90 

149 

Gamble  gfc  ak,  1975 

6b 

10 

10 

0 

10 

buttock 

90 

100 

Gamble  e£  ala/  1975 

7 

10 

10 

7 

7 

7 

60 

219 

Resch  al. .  1986 

8 

10 

3 

7 

7 

7 

15 

130 

DaSilva  et  a^.,  1966 

9 

10.5 

7 

7 

7 

thigh 

90 

230 

Kortilla  st  a^.,  1576 

10 

14** 

18 

7 

7 

thigh 

45 

140 

VcnDardel  et  al, .  1983 

11 

20 

6 

7 

7 

7 

60 

293 

Hillestad  et  al. .  1979 

?  Information  was  not  reported. 

*  60%  of  the  subjects  in  the  report  were  males.  Although  all  were  not  used  to 
determine  the  above  information,  we  assumed  the  same  proportion  existed  in  this 
sample  group. 


**  The  dose  was  reported  as  0.2  mg/kg,  corresponding  to  14  mg  for  a  70  kg  man. 


TABLE  II.  Quality  control  samples  analyzed  concurrently  with  pharmacokinetic 
samples. 


DIAZEPAM  OCNCEWmATICN 
(rq/inl) 


Expected 

Detected 

%  Bias 

50 

43.8 

12.4 

50 

50.5 

-1.0 

50 

51.2 

-2.4 

50 

43.3 

1.4 

50 

47.9 

4.2 

50 

42.1 

15.8 

Mean 

47.5 

5.1 

S.D. 

3.7 

7.4 

c.v. 

7.S 

100 

92.4 

7.6 

100 

101.7 

-1.7 

100 

102.5 

-2.5 

100 

99.7 

0.3 

100 

100.5 

-0.5 

100 

91.4 

8.6 

Mean 

98.0 

2.0 

S.D. 

4.9 

4.9 

C  V. 

5.0 

TABLE  III.  Hematocrit  levels  analyzed  relative  to  diazepam  dosing. 

HEMATOCRIT  (%) 


ANIMAL  Sequence  HOURS 


ID  Number 

0 

0.67  1.5 

4 

24 

168 

13336 

1 

40% 

35% 

39% 

39% 

31% 

38% 

13379 

2 

43% 

41% 

39% 

33% 

39% 

40% 

DA143 

3 

43% 

40% 

39% 

39% 

35% 

40% 

LA158 

4 

39% 

35% 

34% 

30% 

32% 

35% 

P-417 

5 

45% 

44% 

44% 

40% 

38% 

43% 

13432 

6 

42% 

41% 

40% 

35% 

33% 

38% 

AVERAGE 

42% 

39% 

39% 

36% 

35% 

39% 

TABLE  IV.  Blood  protein  levels  analyzed  relative  to  diazepam  dosing. 

TOTAL  LROTEIN  (q/dl) 


ANIMAL  Sequence  HCXIRS 


ID 

Number 

0 

0.: 

57  1.5 

4 

24 

168 

18386 

1 

7.4 

7.0 

7.1 

7.4 

7.6 

7.5 

13379 

2 

8.0 

7.2 

7.2 

5.5 

7.8 

8.0 

DA143 

3 

7.7 

7.2 

6.7 

6.7 

7.4 

8.2 

DA158 

4 

7.4 

6.6 

6.4 

6.1 

7.5 

0.2 

P-417 

5 

7.5 

7.3 

7.4 

7.0 

7.5 

8.5 

13432 

6 

7.5 

7.7 

7.0 

6.1 

7.2 

7.8 

AVERAGE 

7.6 

7.2 

7.0 

6.5 

7.5 

8.0 

15 


TABLE  V.  Serum  concentrations  of  diazepam  and  desmethyl  diazepam  in  individual 
animals. 


DIAZEPAM  CCNCENIPATICN  (NG/ML) 


Tima 

(min) 

1 

2 

Animal  Number 

3  4 

5 

6 

0 

0.0 

0.0 

3.9 

0.0 

0.G 

0.0 

5 

17.8 

20.3 

20.1 

17.5 

29.1 

15.2 

10 

24.8 

30.0 

51.1 

28.5 

51.1 

24.0 

15 

33.2 

36.4 

57.2 

40.4 

67.2 

28.9 

25 

37.2 

35.8 

71.2 

53.9 

70.9 

32.9 

40 

40.6 

37.4 

60.2 

43.2 

68.6 

34.8 

60 

34.3 

27.5 

35.5 

39.3 

46.9 

35.7 

90 

25.1 

17.2 

18.6 

21.3 

28.5 

28.5 

120 

17.3 

11.8 

12.7 

4.5 

19.1 

22.2 

ISO 

10.9 

0.0 

4.1 

8.9 

7.1 

17.6 

240 

8.8 

0.0 

0.0 

2.1 

2.1 

11.6 

DESMEIHYL  DIAZEPAM  CTNCEOTRATICN  (NG/ML) 


Time 

(min) 

1 

2 

Animal  Number 

3  4 

5 

6 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

10 

0.0 

0.G 

0.0 

0.0 

0.0 

0.0 

15 

0.0 

7.2 

7.4 

2.4 

4.1 

0.0 

25 

7.8 

9.2 

13.6 

6.9 

11.5 

2.4 

40 

13.7 

20.2 

25.2 

15.1 

22.5 

5.2 

60 

25.1 

29.2 

36.7 

24.3 

37.6 

8.8 

90 

30.6 

41.3 

43.4 

35.9 

44.4 

12.4 

120 

34.4 

43.0 

46.2 

32.3 

47.5 

15.1 

180 

42.4 

38.8 

36.4 

37.5 

46.5 

18.2 

240 

38.7 

41.3 

33.6 

27.7 

37.7 

21.3 

16 


TABLE  VI.  Mean  pharmacxxkinetic  parameters  (S.D  )  of  diazepam  and  the  desmethyl 
metabolite  in  the  rhesus  monkeys 


DIAZEPAM 

Mean  S.D. 

DESMETHYL  DIAZEPAM 
Mean  S.D. 

Vd 

I/kg 

1.47 

0.53 

UNDEFINED 

kOl 

1/min 

0.355 

0.043 

0.014 

0.006 

klO 

1/min 

0.077 

0.031 

0.003 

0.001 

AUC 

ng*min/ml 

5494 

1348 

20760 

5228 

Cl  ml/min/kg 

19.4 

5.2 

UNDEFINED 

t.1/2  of  kOl  (min) 

9.9 

1.2 

72.2 

59.7 

tl/2  of  klO  (min) 

58.0 

32.6 

233.5 

63.2 

Ttox 

min 

28.7 

3.4 

169.8 

57.6 

Qnax 

ng/ml 

49.6 

13.2 

38.4 

8.4 

Tlag 

(min) 

0 

0 

12.6 

1.6 

TABLE  VII.  Cumulative  raw  data  for  diazepain  intramuscularly  administered  to 
rhesus  macaques  (n  =  6) . 


DIAZEPAM  DESMETHYL  DIAZEPAM 


Time 

(min) 

Cone 

(nq/ml) 

S.E.M. 

done 

(ng/ml) 

S.E.M, 

0 

0.65 

0.65 

0.00 

0.00 

5 

20.00 

1.98 

0.00 

0.00 

10 

34.92 

5.20 

0.00 

0.00 

15 

43.88 

6.13 

3.52 

1.36 

25 

50.32 

7.21 

•6.57 

1.59 

40 

47.47 

5.58 

16.98 

2.95 

60 

36.53 

2.60 

26.95 

4.29 

90 

23.20 

2.00 

34.67 

4.93 

120 

14.60 

2.57 

36.42 

4.96 

180 

8.10 

2.46 

36.63 

3.98 

240 

4.10 

2.00 

33.38 

3.10 
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TABLE  VIII.  Free  fraction  of  diazepam  in  pooled  primate  sera 


ANIMAL  SEQUENCE 

JD  NUMBER  %UNBOUND 


13336 

1 

5.0 

13379 

2 

5.0 

CA143 

3 

4.0 

DA153 

4 

4.5 

P-417 

5 

3.7 

13432 

6 

5.4 

AVERAGE 

4.6 

S.D. 

0.7 
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David  J.  Greenblatt,  M.D, 

Division  of  Clinical  Pharmacology 
Tufta-New  England  Medical  Center 


PROCEDURE  FOR  HANDLING  OF  SAMPLES  FOR  ANALYSIS  OF  BENZODIAZEPINES 
Timing 

Blood  samples  should  be  drawn  prior  to  a  maintenance  dose  for  patients  on 
multiple-dose  regimens.  The  ideel  sampling  time  for  patients  on  daytime 
administration  schedules  is  in  the  morning  prior  to  the  flrat  dose  of  the  day,- 
For  patients  taking  single  bedtime  doses  of  anxiolytics  or  hypnotics,  the 
sample  can  be  drawn  in  the  morning,  or  in  the  evening  prior  to  the  dose.  For 
subjects  in  single-dose  pharmacokinetic  studies,  samples  are  drawn  at  whatever 
times  following  dosage  are  indicated  in  the  protocol. 

Tubes 


Evacuated  blood-collection  tubes  are  the  most  convenient  means  of 
obtainirg  samples.  Since  plasma  and  serum  yield  nearly  Identical  results, 
green-top  (heparinized)  tubes  are  the  eaaiest  to  handle.  However  Venoject  and 
Vacutainer  brand  tubes  are  not  Identical.  Venoject  tubes  contain  unknown 
contaminants  that  Interfere  with  the  analysis  of  diazepam,  desmethyldiazepam , 
lorazepam,  and  triazolam.  Therefore  Venoject  tubes  should  not  be  used.  The 
recommended  collection  tube  Is:  Vacutainer  Brand  (Becton-Dlckinson  ro, 
Rutherford,  NJ  07070),  catalogue  number  654 lj green-top  and  heparinized. 

If  t lie  direct  venipuncture  technique  is  used,  the  full  draw  of  the  tubes 
Is  approximately  10  ml  which  is  the  proper  sample  size.  If  a  syringe  is  used 
to  obtain  the  blood,  the  syringe  should  be  either  all  glass  or  disposable 
plastic  form  Becton  Dickinson.  Other  disposable  syringes  (Monoject, 

Pharmaseal)  contain  contaminating  substances  and  must  not  be  used.  Samples 
drawn  by  syringe  are  then  transferred  to  a  tube  as  described  above. 

Processing  and  Storage 

Benzodiazepines  are  very  stable  in  plasma  --  samples  once  drawn  need  not 
be  processed  immediately  or  urgently.  Whole  blood  samples  (uncentrifuged)  are 
stable  at  room  temperature  for  12  hours,  and  for  24  hours  if  refrigerated. 
However,  do  not  freeze  uncentrifuged  samples. 

After  centrifugation,  the  upper  plasma/serum  layer  is  transferred  to  a 
plastic  sample  storage  tube  (Becton  Dickinson  is  recommended) .  Red  cells  are 
discarded.  The  tube  ia  capped  and  taped  tightly  closed  (to  avoid  leakage  in 
case  it  thaws  during  shipping).  The  tube  la  labeled  with  patient 
identification  (name  or  number),  date  drawn,  and  time  drawn.  USE  AN  1NDELIB1LE 
MARKER.  Water-based  inks  will  wash  off,  rendering  the  sample  uninterpretable. 

Serum/plasma  samples  are  frozen  at  -4°C  or  lower  until  the  time  of 
shipping.  Frozen  samples  are  stable  indefinitely. 
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Shipping 

Samples  are  packed  In  dry  ice  and  shipped  via  Federal  Express  (priority 
one),  or  its  equivalent,  to  Boston.  The  shipping  day  should  be  a  Monday  or 
Tuesday  to  avoid  possible  weekend  delays.  The  shipping  address  is  ! 


David  J.  Greenblatt,  M.D. 

Room  602,  M-V  Building 
Tufts  University  School  of  Medicine 
136  Harrison  Avenue 
Boston,  MA  02111 

Please  note  that  this  is  only  the  shipping  address. 


All  other  mall  should  go  to; 

David  J.  Greenblatt,  M.D. 

Division  of  Clinical  Pharmacology 
Box  1007 

Tufts-Ncw  England  Medical  Center 
171  Harrison  Avenue 
Boston ,  MA  02111 


Communication 


Please  call  a  day  or  so  before 
looking  for  them.  Also  please  call 
deviate  from  the  above  guidelines, 
available,  one  of  his  colleagues  ( 
will  be  able  to  help  you. 


shipping  samples  so  Dr.  Greenblatt  can  be 
if  there  are  sny  questions  or  if  you  must 
If,  for  any  reason.  Dr.  Greenblatt  is  not 

•  Ms.  Ann  Locniskar) 


Phone  numbers: 


(617)  956-6997  (Division  of  Clinical  Pharmacology) 
(617)  332-4544  (Horae  number  for  nights  and  weekends) 
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QUALITY  CONTROL  FOR  DIAZEPAM  MONKEY  STUDY 


Expected 

Detected 

Cone. 

Diazepam  Cone. 

Diazepam  Cone. 

Corrected 

Sanpl «  No. 

(ng/mt  > 

(ng/ml) 

X  Ilea 

for  Zero 

4915 

0 

22.50 

0.00 

1.77 

9177 

0 

21.30 

0.00 

1.07 

3492 

0 

17.90 

0.00 

-2.33 

Mean 

20.73 

0.00 

•0.00 

St.  Dev. 

2.48 

0.00 

2.48 

3909 

6.25 

29.40 

-370.40 

8.67 

1714 

6.25 

27.20 

-335.20 

6.47 

0625 

6.25 

27.20 

-335.20 

6.47 

Mean 

27.93 

-346.93 

7.20 

St.  Dev. 

1.27 

16.59 

1.27 

1038 

12.5 

32.10 

-156.80 

11.37 

8381 

12.5 

31.60 

-152.80 

10.87 

4381 

12.5 

34.60 

-176.80 

13.87 

Mean 

32.77 

-162.13 

12.03 

St.  Dev. 

1.61 

10.50 

1.61 

9527 

25 

46.40 

-85.60 

25.67 

4848 

25 

55.80 

-123.20 

35.07 

3192 

25 

45.30 

-81.20 

24.57 

Mean 

49.17 

-96.67 

28.43 

St.  Dev. 

5.77 

18.85 

5.77 

6634 

50 

77.00 

•54.00 

56.27 

0907 

50 

73.10 

•46.20 

52.37 

0752 

50 

73.90 

-47.80 

53.17 

Mean 

74.67 

-49.33 

53.93 

St.  Dev. 

2.06 

3.36 

2.06 

7317 

100 

118.00 

•18.00 

97.27 

2839 

100 

116.70 

•16.70 

95.97 

3242 

100 

125.40 

•25.40 

104.67 

Mean 

120.03 

•20.03 

99.30 

St.  Dev. 

4.69 

3.83 

4.69 

8524 

200 

201.90 

-0.95 

181.17 

8895 

200 

204.10 

-2.05 

183.37 

1634 

200 

208.10 

-4.05 

187.37 

Mean 

204.70 

-2.35 

183.97 

St.  Dev. 

3.14 

1.28 

3.14 

X  tiM 

0.00 

0.C0 

0.00 

0. 

0. 

-38. 
•1. 
-3. 

-15. 
16. 

9. 
13. 
-10. 

3. 

10. 

-2. 

-40. 

1. 

-13. 
18. 

-12. 
-4. 
-6. 

-7. 

3. 

2. 

4. 
-4. 

0. 

3. 

9. 

8. 

6. 

8.02 

1.28 
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QUALITY  CONTROL  FOR  DIAZEPAM  MONKEY  STUDY 
(Diazepam  Expiration  Data:  July  19M) 


Expacted 

Datactad 

Cone. 

Diazepam  Cone. 

Diazepaai  Cone. 

Corracted 

Sample  No. 

(r>s/mt  > 

(ng/nl ) 

X  llaa 

for  Zaro 

X  Bfaa 

2345 

100.00 

111.00 

*11.00 

90.27 

9.73 

2482 

100.00 

113.10 

-13.10 

92.37 

7.63 

1965 

100.00 

115.60 

-15.60 

94.87 

5.13 

Maan 

113.23 

-13.23 

92.50 

7.50 

St.  Oav. 

1.88 

1.88 

1.68 

1.88 

8542 

12.50 

37.30 

-198.40 

16.57 

-32.53 

1927 

12.50 

34.60 

-176.80 

13.87 

-10.93 

0998 

12.50 

39.60 

-215.80 

18.87 

-50.93 

Mean 

37.17 

-197.33 

16.43 

-31.47 

St.  Dev. 

2.04 

16.35 

2.04 

16.35 
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Concer 

Intramu 


Time  (minu 


Concentration  —  Time  Profile  of  Diazepam 
Intramuscularly  Administered  to  a  Rhesus  Macaque 

(Monkev  #4) 


Time  (minutes) 


Concentration  —  Time  Profile  of  Diazepam 
Intramuscularly  Administered  to  a  Rhesus  Macaque 

(Monkey  #5) 


Time  (minutes) 


Dessuethyl  Diazepam  concentration  (ng/ul)  time  profile 

for  monkey  1 


PCN  model  4  *  data. pen 


Desmethyl  Diazepam  concentration  (ng/ul)  time  profile 

for  monkey  2 


0<7 


PCN  model  A  «  date. pen 


Dssmethyl  Diazepam  concentration  (ng/ml)  time  profile 

for  monkey  3 


PCN  model  4  *  data. pen 


Desmethyl  Diazepam  concentration  (ng/rnl)  time  Profile 

for  monkey  4 


PCN  model  4  *  data. pen 


Deame 


data .pen 


Desmethyl  Diazepam  concetnration  (ng/ml)  time  profile 

for  monkey  6 


PCN  model  4  *  data. pen 
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FHAI^ACDKTNETIC  ESTIMATES  OF  DIAZEPAM  AND  CESKETHYLDIAZEPAM  FOR  EACH  ANIMAL 
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inters  (S.D.)  of  dessmethyldiazepaxn  intramscularly 


Distribution  List 


Addresses 


Copies  Addresses 


Copies 


Defense  Technical  Information 
Center 

ATTN:  DTTC-DQAC 
Guneron  Station,  Bldg  5 
Alexandria,  VA  22314-6145 

Commander 

US  Army  Medical  Research 
and  Development  Command 
Fort  Detrick,  MD  21701-5012 


Commander 

US  Army  Research  Institute  of 
Environmental  Medicine 
Bldg  42 

Natick,  MA  01760-5007 
Commandant 

US  Any  Chemical  School 

ATTN:  ATZN-CM-C 

Fort  McClellan,  AL  36205 


HQCA(DASG-HCD)  1 

Washington,  DC  20310 

Director  1 

Walter  Reed  Array  Institute  of 
Research 
Bldg  40 

Washington,  DC  20307-5100  -y. 

Commander  1 

Lett# naan  Array  Institute 
of  Research 
Bldg  1110 

Presidio  of  San  Francisco,  CA 

94129-6800 

Commander  1 

US  Army  Aeromedical  Research 
Laboratory 

ATTN:  Scientific  Information  Ctr 
P.O.  Box  577 

Fort  Rucker,  AL  36362-5000 


Director  1 

Armed  Forces  Medical 
Intelligence  Center 
Fort  Detrick,  MD  21701-5004 

Commander  1 

US  Army  Institute  of  Dental 
Research 
Bldg  40 

Washington,  DC  20307-5100 

Commander  1 

US  Army  Institute  of  Surgical 
Research 
Bldg  2653 

Port  Sam  Houston,  TX  78234-6200 

Commandant  1 

Academy  of  Health  Sciences 
US  Army 

ATTN:  HSHA-CDC 

Port  Sam  Houston,  TX  78234-6100 


Commander  1 

US  Army  Biomedical  Research 
and  Development  Laboratory 
Bldg  568 

Port  Detrick,  MD  21701-5010 

Commander  1 

US  Array  Medical  Research  Institute 
of  Infectious  Disease 
Bldg  1425 

Port  Detrick,  MD  21701-5011 


Commandant  1 

Academy  of  Health  Sciences 
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